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Introduction
T he L u p in u s gibertianus C. P. Sm ith com plex rep resen ts a group of annual lupins occurring in Brazil, U ruguay and A rgentina. B ased on leaf and flow er m orphology several taxa have been d e scribed which seem to represen t ad aptations to dif feren t ecological conditions [1] , L. linearis D esr. grows in A rg en tin a and U ruguay and shares m any m orphological sim ilarities with the m em bers of the L. gibertianus complex.
Q uinolizidine alkaloids (Q A ) are characteristic featu res of th e Fabaceae and are especially a b u n dan t in the genus L upinus [2, 3] . L upins rely su b stantially on quinolizidine alkaloids for chem ical defence against herbivores and to a m inor degree against m icroorganism s and com peting plants [3 -6] . A b o u t 500 taxa are know n of th e genus L u p i nus. W hereas only few (12 species) occur in the O ld W orld, lupins are abundant in N orth and South A m erica. A lkaloid profiles have been studied for m ost O ld W orld and a substantial n um ber of N orth A m erican lupins [2, 3, 6 -8 ] , w hereas South A m e r ican taxa have hardly been analyzed yet. Because it has been suggested th at lupins originated from R eprint requests to Prof. M. Wink.
Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen 0939 -5075/93/0900 -0702 $ 01.30/0 South A m erica [9, 10] , it w ould be interesting to know w h ether South A m erican lupins have evolved sim ilar alkaloid profiles as th eir N o rth A m erican or E u ro p e an counterparts.
In this study we have analyzed the alkaloid p a t terns of 3 ecotypes of L. linearis and 6 ecotypes from the L. gibertianus complex. A s a m ethod of choice we em ployed capillary G L C and GLC-M S for th e analysis of th e com plex alkaloid profiles p resen t (for review [2, 3] ).
Results and Discussion
B ecause quinolizidine alkaloids are mainly syn thesized in leaves, alkaloid profiles from this organ usually show the highest diversity in term s of struc tures presen t [3, 11] . A n o th e r advantage of an a lyzing leaves is the possibility of using herbarium specim ens since lupin alkaloids do not deteriorate u n der these conditions at least as long as the m ate rial is dried quickly and stored away from m oisture [7, 8] , F o r this study we have analyzed leaves of h er barium specim ens which had been evaluated m or phologically before [12, 13] . O ne or two dried leaves contain sufficient am ounts of alkaloids to allow an analysis by capillary G L C and GLC-M S. This pro ced u re does not allow how ever, to isolate any new alkaloid and to determ ine its structure by o th er m eans, such as N M R.
Em ploying our large library of m ass spectra and G L C retentio n indexes [3, 6 ,7 ,1 1 ] we w ere able to identify m ost quinolizidine alkaloids unam bi guously (Table I, Fig. 1 ). T he alkaloid profiles from both species and respective ecotypes w ere quite si m ilar as far as the qualitative an d quantitative com position was concerned. This confirm s the view th at b oth species are closely related [14] and th at the m em bers of the L. gibertianus com plex are not genetically differentiated but represent different p henotypes.
M ain alkaloids w ere lupanine, 13-hydroxylupanine and esters of 13-hydroxylupanine such as 13-ace tyloxylupanine, 13-angeloyloxylupanine, 13-tigloyloxylupanine, 13-benzoyloxylupanine, and 13-as/frans-cinnam oyloxylupanine. They w ere ac- Table I . Alkaloid profiles of different ecotypes of the L. gibertianus complex.
A lkaloid profile (total alkaloids Table II. com panied by m inor, b u t typical lupin alkaloids, such as sparteine, angustifoline, tetrahy d ro rhom bifoline, a-isolupanine, 5,6-dehydrolupanine, 11,12-dehydrolupanine, N -form ylangustifoline and the bipiperidylalkaloid am m odendrine [3, 6, 7] . A few m inor alkaloids w ere unknow n to us and scarcity of th e m aterial did n o t allow any fu rth er characterization. H ow ever, a series of new alkaloids could be tentatively identified according to th eir in form ative MS fragm entation p attern s [3] : T he m ass spectrum of 17-oxolupanine (M + = 262) is charac terized by a significant m /z at 234 which arises from th e elim ination o f CO (= 28). In b o th lupin species, a hydroxy derivative of 17-oxolupanine is presen t w ith a M + of 278 (abundance 34% ). A significant fragm ent ion at m /z 260 (100% ) can be explained by loss of a hydroxyl group in form of H 20 (-1 8 m ass units, m u) in analogy to the fragm entation p a t te rn of o th e r hydroxylated Q A [2, 3] . Indicative for a 17-oxolupanine derivative is a fragm ent ion at m /z 232 (11% ), i.e. loss of a CO group (260-28 = 232). B ecause all o th e r hydroxylated Q A of the spe cies studied had th e hydroxyl group in position 13 (T able I), we assum e th at this new alkaloid is a 13-hydroxy-17-oxolupanine. In addition, we found a series of ester alkaloids, which had a significant frag m ent ion at m /z 260 instead of the typical m /z 246 of 13-hydroxylupanine esters. A ccording to the m olecular ions reco rd ed (M + 360, 374,408), the o r ganic acids w ere of the typical series, involving angelic, tiglic, benzoic, cis-and trans-cinnam ic acid. If we assum e that the corresponding alcohol is 13-hydroxy-17-oxolupanine, b o th fragm entation p a t terns and retention d ata w ould be in agreem ent. Thus it is likely, th at the following new ester alkaloids are present: 13-angeloyloxy-17-oxolupanine, 13-tigloyloxy-17-oxolupanine, 13-benzoyloxy-17-xolupanine, 13-ds-cinnam oyloxy-17 -oxolupanine, and 13-rra«s-cinnam oyloxy-17-oxolupanine (Fig. 1) . M ass spectra o f 13-tigloyloxy-17-oxolupanine had been recorded b u t not b een identified before in L. polyphyllus, L. albus [15] and L. hillii [7] .
E xperim ental

Plant material
L. gibertianus and L. linearis w ere collected in A rgentina or Brazil and kep t as herb ariu m specim ens. 1 or 2 leaves w ere taken for alkaloid analysis.
A lka lo id extraction P lant m aterial was hom ogenized in 0.5 M HC1 in a m o rtar. A fte r 30 m in at room tem p eratu re, the su p ern atan t was m ade alkaline by adding am m onia and was applied onto E xtrelute colum ns (M erck, D arm stad t). A lkaloids w ere eluted with C H 2C12 and th e solvent evaporated in vacuo [3, 6, 7] .
A lka lo id analysis
A lkaloid extracts w ere separated on fused silica capillary colum ns (0. [3, 6, 7, 16] ).
A lkaloids w ere identified according to th eir spe cific K ovats reten tio n indexes and their charac-
